INTRODUCTION
The Dorado 1 and Phoenix South 3 wells drilled in 2018 on Australia's North West Shelf (NWS) are the latest exploration successes augmenting the hydrocarbon occurrences in the Bedout Sub-basin (Phoenix South 1 and 2, and Roc 1 and 2). Based on preliminary resource estimates, Dorado 1 was reported as Australia's most volumetrically significant discovery in decades (e.g. Weller and Amiribesheli, 2018) . All of these wells have encountered hydrocarbons in Lower-Middle Triassic reservoirs, generating considerable interest in Triassic petroleum systems on the central NWS. The petroleum supersystem approach is the framework used to link basins of similar age, structural history, depositional environment and hydrocarbon potential at a continental scale that may include a family of similar source rocks, rather than one single source-reservoir-seal pair (Bradshaw et al., 1994) . The previously described Triassic petroleum systems in Western Australian basins were sub-divided into two systems: the Gondwanan 2 and the Westralian 1 in the Perth and NWS basins (Bradshaw et al., 1994) . The source rock for the Gondwanan 2 Petroleum System is the shallow marine, thin basal unit (Hovea Member) in the Kockatea Sequence, as intersected in the Abrolhos Sub-basin and on the Beagle Ridge (Grosjean et al., 2017) . Smith et al. (1999) placed source rock units in the Locker Shale and Keraudren Formation within the Westralian 1 Petroleum System. The existence of multiple effective fluvial-deltaic source rocks within the Keraudren Formation in the Bedout Sub-basin (Thompson et al., 2015; , in addition to the prolific gas-prone source rocks of the Mungaroo Formation in the northern Carnarvon Basin, necessitates redefining the Triassic petroleum system nomenclature. The regional correlation of time-equivalent SUMMARY The greater Phoenix area in the Bedout Sub-basin has experienced recent exploration success on Australia's North West Shelf (NWS). Oil and gas discoveries in the Triassic reservoirs of the Keraudren Formation and Locker Shale have revived interest in mapping the distribution and lateral facies variation of the Triassic succession from the Bedout Sub-basin into the adjacent underexplored Beagle and Rowley sub-basins. This multi-disciplinary study integrating structural architecture, sequence stratigraphy, paleogeography and geochemistry has mapped the spatial and temporal distributions of Triassic source rocks on the central NWS. The Lower-Middle Triassic paleogeography is dominated by a deltaic system building from the Bedout Sub-basin into the Beagle Sub-basin. The oil sourced and reservoired within the Lower-Middle Triassic sequences at Phoenix South 1 is unique to the Bedout Sub-basin, compared to other oils along the NWS. Its mixed landplant and algal biomarker signature is most likely sourced locally by fluvial-deltaic mudstones within the TR10-TR14 or TR15 sequences and represents a new petroleum system on the NWS. A Middle Triassic marine incursion is recorded in the Bedout Sub-basin with the development of a carbonate platform while in the Rowley Sub-basin, volcanics have been penetrated at the top of the thick Lower-Middle Triassic sediment package. The Late Triassic paleogeographic map suggests a carbonate environment in the Rowley Sub-basin distinct to the clastic-dominated fluvial-deltaic environment in the Beagle Sub-basin. This information combined with results of well-based geochemical analyses highlights the potential for hydrocarbon generation within the Upper Triassic in these sub-basins. sequences such as the Hovea Member through the Northern Carnarvon and Roebuck basins emphasises this need for a revision.
The aim of this study is to investigate the source rock potential of the Triassic sequences in the central NWS as a starting point towards updating the Triassic petroleum systems in the region. The spatial and temporal distributions of these potential source rocks are mapped in order to assess their contribution to the new hydrocarbon discoveries and shows in the region. 
DATA AND METHODOLOGY
Seismic mapping of the Triassic interval based on regional 2D and six 3D seismic surveys was tied to 25 key wells (Figures 1  and 2 ). The regional stratigraphic framework ( Figure 2 ) is based on existing NWS nomenclature (Marshall and Lang, 2013) and aligned with the 2016 Geological Time Scale (Ogg et al., 2016) . The stratigraphic framework has been updated using new biostratigraphic analyses (Hannaford et al., 2016; . Recent seismic and well interpretations ( Figure 3 ; Abbott et al., 2019; Nguyen et al., 2019; Orlov et al., this volume) were used to produce paleogeographic maps showing the distribution of gross depositional facies (Abbott et al., this volume) and preserved extent of gross depositional facies at key intervals (TR10.0_SB-TR15.0_SB, TR15.0_SB-TR17.0_SB and TR17.0_SB-Top Triassic; Figures 4b, d and f, respectively) to predict source rock facies distribution and their depositional environments. The correlation of organic geochemical data with biostratigraphy and lithology identified regional intervals with source rock potential. Source rock characteristics are provided based on an updated and qualitycontrolled compilation of newly acquired and open-file geochemical data, including total organic carbon (TOC), Rock-Eval pyrolysis and vitrinite reflectance data . Integrating the source rock property data with the regional geological mapping enables a better assessment of the source rock potential of the Triassic succession in the study area. In addition, 26 cuttings and sidewall core samples from wells in the Beagle Sub-basin and Roebuck Basin were analysed for Grains with Oil Inclusion (GOI; Kempton et al., 2019) in an attempt to map the extent of any petroleum systems.
REGIONAL DEPOSITIONAL ARCHITECTURE AND SOURCE ROCK FACIES DISTRIBUTION

Early-Middle Triassic
During the Early-Middle Triassic, between the TR10.0_SB and TR15.0_SB sequence boundaries (lowermost part of the lower Keraudren Formation), sedimentation accumulated within two main depocentres, in the Rowley and Beagle-Exmouth subbasins ( Figure 4a ). These sequences indicate the existence of a north-west prograding fluvial-deltaic environment in the Bedout Sub-basin . Seismic data reveal a thickening of these sequences with the delta system building out from the Bedout Sub-basin and into the Beagle Sub-basin ( Figure 3) . A variation in seismic facies is observed from east to west, from proximal to distal facies with potential for an extension of the fluvial-deltaic sediments in the Beagle depocentre (Figure 4b ). At the top of this succession (TR15.0_SB, top Caley Member; Figure 4b ) incised canyons are observed in the Bedout Sub-basin. For example, the Dorado Canyon, that is co-located with the linear edifice referred to as a carbonate build-up by I' Anson et al. (2019) , cuts into the underlying sequences. In the inboard Exmouth Plateau, regional marine siltstones and claystones with minor carbonates were deposited in a shallow marine seaway (Locker Shale, Marshall and Lang, 2013) between the inboard margins of the NWS and an outboard paleo-topographic high (outboard Exmouth Plateau; Figure 4b ). In the Rowley Sub-basin, the Permian to Lower Triassic succession lithology remains uncertain, interpreted either as 1) a large delta fed from the Fitzroy paleoriver (Norvick, 2002) , or 2) carbonate sediments deposited as a series of back-stepping, carbonate ramps and banks formed on a thermally subsiding rift flank (Paschke et al., 2018) , or 3) a lava delta complex associated with a failed triple junction (MacNeill et al., 2018) . Our current geological understanding favours the latter interpretation, implying that source rock development at this time in the outboard Rowley Sub-basin did not occur.
Source rocks within the TR10-TR14 sequences (below the TR15.0_SB, top Caley Member) have highly variable organic richness with TOC contents averaging 2.0% up to 27.5% (Figure 4b ). They are found within the T. playfordii sporepollen zone, in claystone within the informal 'Milne' and 'Caley' formations , in carbonaceous mudstone in the informal 'Huxley Formation' and in siltstone at Bruce 1. These clastic sediments are associated with a mean Hydrogen Index value of 178 mg hydrocarbons (HC)/g TOC and have the potential to generate gas and liquids. In particular, samples in Roc 1 and 2 are excellent oil-prone source rocks with TOC>4% and HI>300 mg HC/g TOC (Figure 5a ). The TR10-TR14 sequences are immature in wells from the inboard Beagle Sub-basin (Bruce 1; Poissonnier 1) and immature to peak mature for oil generation in wells of the Bedout Sub-basin ( Figure 5b ).
Middle Triassic
During the Middle Triassic, between the TR15.0_SB to TR17.0_SB (upper part of the lower Keraudren Formation), the sediments accumulated in one main depocentre, in the outboard part of the Beagle Sub-basin and Exmouth Plateau (Figure 4c ). Time-equivalent sediments in the Bedout Sub-basin indicate a fluvial-deltaic environment with a change from a mature to a less mature sediment provenance at the TR15.0_SB (top-Caley Member, Minken et al., 2018) . The delta sequence thickens towards the outboard Beagle Sub-basin and inboard Exmouth Plateau (Figure 4c) and thins outboard over a paleo-topographic high in the north-eastern Exmouth Plateau (Figure 4d ). At the top of this succession (TR17.0_SB), a marine incursion with a rapid drop in clastic input is recorded within the S. quadrifidus spore-pollen zone with the development of a carbonate platform (TR16 sequence, Cossigny Member) in the Bedout and inboard Beagle sub-basins. During this time, basaltic volcanics were deposited in the Rowley depocentre (e.g. Anhalt 1, Hannover South 1; Figure 4d ).
Geochemical data related to the interval between the TR15.0_SB to TR17.0_SB are limited to the Bedout Sub-basin and the TR15 sequence (upper T. playfordii spore-pollen zone). With a mean TOC of 1.5% and a mean HI value of 116 mg HC/g TOC, the TR15 sequence shows poor to excellent potential for generating mostly gas. Some samples from Phoenix 1 and 2 have TOC> 4% and HI> 200 mg HC/g TOC, showing excellent potential to generate oil and/or gas (Figure 5c ). The TR15 sequence has reached maturity for oil generation in wells of the Bedout Sub-basin (Figure 5d ).
Middle-Late Triassic
During the Middle-Late Triassic, between the TR17.0_SB to J10.0_SB (upper Keraudren Formation) the sediments accumulated mostly inboard, along the basin margin and in the outboard Rowley Sub-basin and Exmouth Plateau (Figure 4e) .
A major top-Triassic erosional event is noticed across the study area and explains the absence of the TR30 sequence in the Bedout Sub-basin (where only TR17-TR20 fluvial-deltaic sediments are present; Figure 4f ) and a longer period of nondeposition between the Middle Triassic and the Middle Jurassic (TR17.0_SB-J25.0_SB) at Bruce 1 and Poissonnier 1, in the inner Beagle Sub-basin. In the Barcoo and Rowley sub-basins and outboard Exmouth Plateau, a shallow marine environment dominates with the deposition of mixed carbonate-siliciclastic sediments. Similtaneously, fluvial-deltaic sedimentation dominates the Bedout and Beagle sub-basins, with thick siliciclastics preserved in the inboard Exmouth Plateau (Figure 4f ). Fluvial-deltaic sediments with coals were penetrated in the inboard Exmouth Plateau suggesting a lower coastal plain environment (e.g. Delambre 1).
The biostratigraphic data identify several marine incursions within the Upper Triassic (e.g. within the TR21 and TR30 sequences) in the Beagle and outer Rowley sub-basins.
The source rock potential within the TR17-TR30 sequences (S. speciosus, M. crenulatus and A. reducta spore-pollen zones) is variable across the central NWS (Figure 5e ). Poor to excellent source rocks capable of generating gas are found in the Bedout Sub-basin with coaly facies in sandy mudstones showing high organic content (TOC up to 24%) in Phoenix 2. The Barcoo Sub-basin has poor to fair potential for gas, whereas the Beagle Sub-basin shows poor to good potential for gas. The Rowley Sub-basin contains source rocks with poor to excellent organic richness (TOC up to 8%) with the potential to generate both gas and liquids (HI up to 458 mg HC/g TOC). Based on available Tmax and vitrinite reflectance data, TR17-TR30 sequences have reached thermal maturity for oil generation in wells of the Barcoo, Bedout, Rowley and Beagle sub-basins (Figure 5f ).
PETROLEUM SYSTEMS
The 2014 discovery of oil in Phoenix South 1 challenged the long-held perception that the Roebuck Basin was only prospective for gas. This discovery and others that followed (gas-condensate in Roc 1 in 2015, Roc 2 in 2016 and Phoenix South 2 in 2016) have revealed a new play on the central NWS in Lower Triassic reservoirs . Prior to this, the only discovery made in the Roebuck Basin was a gas discovery in Phoenix 1 within successions between the TR15.0_SB and TR16.0_SB unconformities (Hove and Barrett members). The Phoenix 1 gas discovery has been reinterpreted as an oil discovery based on the results in Phoenix South 1 and re-evaluation of the Phoenix 1 log data . The geochemical composition of the Phoenix South 1 oil reservoired in the TR15 sequence is consistent with derivation from a Triassic source rock deposited in a paralic/deltaic environment (Thompson et al., 2015; Grosjean et al., 2018) . The oil is distinct from the Lower Triassic oils of the Perth Basin, which are derived from the earliest Triassic anoxic marine Hovea Member source rock. Based on geochemical data in wells of the Bedout Sub-basin, source rocks within TR10-TR14 sequences have fair to excellent potential for generating mostly gas with oil-prone samples in Roc 1 and 2 and are thermally mature for oil generation (Figures 5a and d) . The TR15 sequence also contains thermally mature source rocks of fair to excellent potential for generating gas and liquids ( Figures  5c and e ). Overall, source rocks within the TR10-TR14 and the TR15 sequences are the most likely source of the fluid in Phoenix South 1. The fluvial-deltaic environment inferred for the TR10-TR15 sequences in the Bedout Sub-basin ( Figure 4b ) is in agreement with the geochemistry of the Phoenix South 1 oil. The high API gravity of the oil (mean API 49 °) combined with low Gas-to-Oil ratios (mean GOR 1727 scf/bbl) indicate that the Phoenix South 1 fluid is a light oil that has lost its gas component. The loss of the gas within the Phoenix South 1 fluid may have resulted in the formation of oil in the reservoir. Carbon isotopic analyses combined with biomarker data indicate that the Phoenix South 1 oil has unique characteristics compared to other oils of the NWS and represents a new petroleum system (Thompson et al., 2015; Grosjean et al., 2018) . In addition, hydrocarbons discovered in Roc 2 are typed to organic-rich oil-prone core samples of lagoonal facies encountered in the same well . Whether Roc 2 hydrocarbons correlate with the Phoenix South 1 oil and represent the same petroleum system is currently under investigation at Geoscience Australia.
Evidence for another petroleum system operating in the central NWS is provided by the oil at Nebo 1, discovered within Upper Jurassic reservoirs in the Beagle Sub-basin. The geochemistry of the Nebo 1 oil is consistent with a non-marine source of probable Lower-Middle Jurassic age (Longley et al., 2002; Edwards and Zumberge, 2005) . However, this has yet to be established by definitive oil-source correlation, as an older Triassic source is also possible. Vitrinite reflectance data at key wells indicate that the Jurassic-Triassic successions are in the oil window (0.5<%VR<1.1) within the Middle Jurassic J25 sequence down to wells Total Depth in the Rowley and Beagle sub-basins (e.g. Anhalt 1, Delambre 1). This suggests that oil could be generated from potential source rocks from the Middle-Upper Triassic and Early-Middle Jurassic sediments in these depocentres.
Trace numbers of grains with oil inclusions (≤0.2% GOI; Kempton et al., 2019) at Bruce 1, in samples located at or just above the top oil window in Lower-Middle Triassic reservoirs, could be interpreted as migrated hydrocarbons from the Beagle depocentre. While the low GOI might result from timing differences between trapping site formation and migration, their presence is consistent with oil shows previously reported in the well completion report (Stirling Petroleum N.L, 1979) . Together, they provide some evidence for the presence of an active petroleum system in the Beagle Sub-basin, with fluid migration towards the inboard basin margin.
The presence of trace numbers of grains with oil inclusions (≤0.1 % GOI; Kempton et al., 2019) at Delambre 1, and at Anhalt 1, in Upper Triassic TR20 samples (M. crenulatus spore-pollen zone) located in the middle of the oil window at each well location, could be interpreted either as migration oil or in-situ generation of organic matter. These wells are located in the middle of two independent depocentres, dominated by siliciclastics in the Beagle Sub-basin and carbonates in the Rowley Sub-basin. Although the direct evidence is limited, there may be potential for Upper Triassic-derived hydrocarbons in each sub-basin.
CONCLUSIONS
The integration of sequence stratigraphy aligned to the North West Shelf nomenclature with updated paleogeography and new geochemical data provide new insights into the distribution and depositional environment of Triassic source rocks in the central NWS. The newly discovered Lower-Middle Triassic petroleum system in the Bedout Sub-basin correlates with the paleogeography of a deltaic system building out from the Bedout to the Beagle sub-basins. Associated oil-and gas-prone source rocks were deposited in a fluvial-deltaic environment that may extend into the Beagle Sub-basin. The Middle Triassic fluvial-deltaic succession, only penetrated in the Bedout Subbasin, also hosts source rocks deposited in a lower coastal plain environment. These sediments are mostly gas-prone with some oil potential and have reached maturity for oil generation. Source rocks within the TR10-TR14 and the TR15 sequences are the most likely source for the oil discovered within the TR15 reservoirs. The Middle-Upper Triassic fluvial deltaic succession inboard of the Bedout and Beagle sub-basins and the Exmouth Plateau contrast with the mixed carbonate-siliciclastic environment in the outboard Beagle-Exmouth and Rowley subbasins. Middle-Upper Triassic source rocks are also oil-and gas-prone and have reached thermal maturity for oil generation in key wells of the Barcoo, Bedout, Rowley and Beagle subbasins. Trace amounts of oil inclusions in TR20 sediments indicate the potential for hydrocarbon generation within the Late Triassic, in a siliciclastics dominated Beagle-Exmouth depocentre and in a carbonate dominated Rowley depocentre.
A more rigorous and detailed petroleum system modelling study is required to better assess the lateral variation, depth of burial history, thermal maturity and hydrocarbon generation of source rock intervals across the region. 
